Conflict between agricultural water resources and socio-economy development is a global problem. Accurate evaluation of coordinated development of agricultural water resources and socio-economy and risk mitigation is necessary for sustainable risks, which will conduce to promote sustainable development of agricultural water resources and socio-economy.
Introduction
Water resources are vital for the subsistence and development of human society.
Water is collected and delivered to farmlands, factories and residential buildings, and then is used to produce goods and provide services. Social development poses huge challenges in improving utilization ratio of water resources and promoting economic growth. Water demand is still increasing for getting more productivity gains, especially in developing countries that already experience serious water shortage .
Therefore, it is challenging to effectively and coordinately design water resources utilization and economic development .
Study on coordinated development of water resources and socio-economy has drawn increasing attention worldwide. At the same time, it has also produced many theoretical and practical applications. Current studies primarily focus on investigating the causal relationship (Bao and He, 2015) , developing applicable indicators systems (Yang et al., 2018 ), establishing evaluate model (Song et al., 2018 ) of economic development level and water use. Methods include system analysis theory (Xiong et al., 2015) , state-space method and component analysis (Tang et al., 2016) , reduction model (Gu et al., 2017) , unified co-evolutionary model (Yao et al., 2018) . Evaluation modeling is a powerful tool to quantify interactions or simulate special scenes, hence, it has been applied in previous works in many cases.
Agriculture is the largest consumer of freshwater for producing food which is used to feed a large number of people in China . Agricultural water is a critical influence factor of food production. More food production helps increase agricultural economic output; on the other hand, more food production means more agricultural water consumption and less industrial water consumption, and may lead to less industrial economic output. Therefore, relationship between agricultural water consumption and social economic growth is complex. How to make a decision for agricultural water distribution to coordinate economic development is significant, especially for water-deficient regions. For example, Fang et al. (2017) extracted the main driving factors affecting irrigation water-use efficiency change by analyzing statistical data on economic and social development. Yue et al. (Yue et al., 2018) proposed an optimization-based multi-scale calculation method to identify desired water-saving plans that consider the coordinated economy development. There are limited studies focused on the relationship between agricultural water consumption and social economic growth.
Coordinated development of agricultural water resources and social-economy is difficult, due to obvious change of annual available agricultural water volume, complexity of water-economy system and unpredictability of economic conditions (Yang et al., 2017) , which lead to uncertainty. Many studies have been reported to deal with uncertainty in evaluation. For example, Wang et al. (Wang et al., 2018) provided an evaluation method for urban water saving. The important degree and the corresponding remark of each evaluation index are considered to be uncertain variables in the method. Lu et al. (Lu et al., 2012 ) improved a simulation-based inexact rough-interval programming approach for agricultural irrigation management.
Susnik et al. (Susnik et al., 2013 ) presented a comparative analysis of system dynamics modeling and object-oriented Bayesian networks which can deal with highly uncertain rainfall contribution. However, only a few studies focused on coordinated development of agricultural water resources and socio-economy with uncertainty. There are many factors affecting coordinated development, which makes the evaluation process considerably more complicated. The value of parameters in models cannot be accurately predicted, especially when evaluating the future risk.
To address uncertainties in the coordinated development of agricultural water resources and social-economy, some uncertain methods, including stochastic mathematical programming, fuzzy mathematical programming and interval mathematical programming, can be adopted. They are able to handle probabilistic, fuzzy uncertainties or interval uncertainties accordingly (Yang et al., 2015) . Some existing computer software, such as Lingo and Matlab, are able to solve classical uncertain problems. However, they are inefficient to deal with some nonlinear problems with complex uncertainties. Approaches of particle swarm optimization, genetic algorithm or Monte Carlo method can thus be adopted.
Sustainable agricultural development is not only conducive to sustainable development of Shanxi's economy, but also an important guarantee to achieve the regional grain balance. However, the factors restricting agricultural production are becoming more and more prominent with the population growth and socio-economic development. The current situation of agricultural water use in Shanxi is not optimistic. One aspect is that water resources shortage is serious. The per capita water resources is only 247-342 m 3 /a, among which about half water supply is for agriculture. Another aspect is the development and utilization of agricultural water resources in Shanxi is unbalanced and inefficient. The effective utilization rate of water in well irrigation area is about 60%, but in canal irrigation area, it is only about 40%. Agricultural water use plays an important role in Shanxi's economic development. Reasonable development and utilization of regional water resources is significant for maintaining sustainable society and economy development. Therefore, an efficient evaluation method is desired for evaluating coordinated development of agricultural water resources and socio-economy, as well as obtains possible risks caused by uncertainty and complexity in future.
The purpose of this study is to improve a method so as to analyze the probability of coordinated development of agricultural water resources and socio-economy.
Accurate evaluation of coordinated development is necessary for sustainable development. From the analysis of evaluation result, degree and direction of maladjustment of regional development can be obtained. To evaluate possible risks, uncertain methods can be used to design and realize forecast coordinated development degree under uncertainty. The improved method is applied to a real case study in Shanxi province, middle of China, a big agricultural province, in order to achieve regional sustainable development.
Methodology
Evaluation process for the coordinated development of agricultural water resources and socio-economy includes selection of criteria, data collection, determination of weight, evaluation of coordinated development, prediction of parameters, judgment of coordinated development state and final evaluation. The object of the evaluation objects is to obtain coordinated development degree among different cities, in the status quo and in the future. Detailed information of the framework is depicted in Fig. 1 . Fig.1 Framework of the study system.
Evaluation objects Evaluation process

Selection of criteria
The criteria should be selected based on the pursuit of sustainability in agricultural water resources utilization and developing in socio-economy. According to the concept of regional coordinated development, the criteria of agricultural water resources system should measure the degree of water abundance, water use efficiency and agricultural response conditions, and the criteria of socio-economy development system should measure level of economic development, social development and environmental effect.
Because urban water environment is profoundly and continuously influenced by water usage and effluent water pollution, the ratio of ecological water consumption, wastewater treatment rate and proportion of afforestation area were selected as measurement indicators for urban ecological water supply, environmental pollution and ecological water increase, respectively.
This study selected the following indicators to constitute the evaluation criteria, among which, 9 evaluation indicators are for agricultural water resources and 9 evaluation indicators are for socio-economic development were put forward. Details are shown in Table 1 . Establish subjective evaluation matrices A for agricultural water resources system and socio-economy development system, respectively. The elements of the matrices are aij, which mean values of scale, and they are determined by the degree of influence between indicator Ci and Cj which belong to indicator system, as shown in Table 2 . For consistency test, it is necessary to calculate approximate value of maximum eigenvalue λ by formula (1).
In which  w is the column vector represented subjective weight. In order to confirm the consistency of criteria reciprocal matrix, AHP was applied to decompose the decisional process in a hierarchy of criteria, subcriteria, attributes and alternatives.
Consistency Index (CI) is calculated according to formula (5) . The more CI is close to 0, the better the consistency is. 
Where max, . a and b are weights of  w and  w , and a+b=1.
Evaluation of coordinated development
According to formula (7), objective evaluation matrices of agricultural water (12), and comprehensive level of socio-economic development is calculated as formula (13) .
T a a a F = w B
T e e e F = w B (13) a) Determination of comprehensive level
Comprehensive level of agricultural water resources and socio-economic development T is calculated according to formula (14) .
Where α is weight of agricultural water resources, and β is weight of socio-economic development, with α+β=1.
b) Determination of coordination degree
Vector C expresses the degree of coordination between sustainable utilization of agricultural water resources and socio-economic development. Coordination degree is calculated according to formula (15). 
Where Di is the n-th elements in vector D .
Judgment of coordinate development state
To effectively illustrate the evolution of coordinated development of agricultural water and socio-economic system, fuzzy set method was introduced to establish evaluation criteria for coordinated development (Yuan et al., 2014) , as shown in Table   3 . The method has been widely applied in the evaluation process as fuzzy membership degree. Monte Carlo method is an effective method to handle the parametrical uncertainty analysis. Using this method, some groups of discrete data are generated randomly. Then through the above methodology, coordinated development degrees in particular year in the future can be obtained.
Application
Study area
The methods were applied to a real case study in the Shanxi province. Shanxi, a central China province, covers 11 county-level cities and 85 counties in 2017. The distribution of cities is shown in Fig.2 . The province lies at the process of economic reform and agricultural development. It has been a key problem to research cooperative development of agricultural water resources and social-economy. There are many uncertainties between current and future cooperative level in the province.
Such uncertainties dictate the complexity of social-economic development and agricultural water resources utilization.
Fig.2 Precipitation distribution in 2015.
In this study, it is considered that subjective weight and objective weight have same importance, so let a=b=0.5 in formula (11). Since rural socioeconomic development level and resources-environment level are equally important in rural development, let α=β=0.5 in formula (14) , and k=2 in formula (15) (Table 1) , subjective weight matrixes of agricultural water resources system and socio-economy development system were estimated, as shown in Table 5 and Table 6 . Precipitation distribution of Shanxi in 2015 is shown in Fig.2 . 
b) Objective weight matrixes
Through data survey, objective weight matrixes were obtained as shown in Table   7 . After non-dimension process, non-dimensional objective weight matrixes were obtained as shown in Table 8 . In order to obtain accurate forecast and analysis of future coordinated development between agricultural water resources and 
Result and analysis
Analysis of coordinated development among cities
Based on the methodology, coordinated development results among cities were obtained. Some key results were shown in Table 10 . Fig.3 compares the comprehensive levels of agricultural water resources and socio-economic development. It can be seen from the figure that comprehensive level of agricultural water resources is higher than comprehensive level of socio-economic development in Taiyuan, Datong, Yangquan, Changzhi, Shuozhou and Lvling. The big gaps were existed in Yanquan (Fa-Fe=0.674-0.523) and Yuncheng (Fa-Fe=0.337-0.573). Note: P--Primary coordination; I--Intermediate coordination; W--Well coordination; A--Agricultural water resources; B-Both agricultural water resources and socio-economic development; E--Socio-economic development. 
Analysis of coordinated development in future
In order to evaluate the possible risks in future, the study analyzed various data uncertainties of the evaluation system. Interval ranges of indicators are listed in Table   12 . 
Discussion
The study has proposed a complete evaluation process which pays more attention to uncertain characteristics in the future, instead of simply estimating coordinated clarifying the orientation and determining the strategy of development.
Conclusion
Due to severe shortage of agricultural water resources and unbalanced development of social-economy, conflict between agricultural water resources and socio-economy has become increasingly apparent in the urban development. How to evaluate coordinated development degree of agricultural water resources and socio-economy, considering uncertainty in present status and future, is a challenge.
The study identified 9 evaluation indicators of agricultural water resources and 9 evaluation indicators of socio-economic development as criteria, according to the concept of regional coordinated development. Based on the combined weight of both objective and subjective weight, the comprehensive level, coordination degree and water saving facilities and raising cyclic utilization rate of water should be taken.
The improved method is applicable and can be recommended for evaluation of coordinated development of agricultural water resources and socio-economy. For its applications to other regions, the criteria can be easily modified according to local actuality. The study attempted to evaluate coordinated development degree under uncertainty. However, more uncertainties exist in agricultural water resources and socio-economy development, which make the situation more complex. How to deal with more complex uncertainty and enhance the applicability of the method deserves further study.
